Organizational and technical problems of energy efficiency in the construction of high-rise residential buildings were identified and systematized. The efficiency of state and regional policies in the field of energy saving and energy efficiency in high-rise housing construction and housing and utility services was stated to be largely determined not only by the level of modern constructional technologies and production of building materials, but also by the quality of full-scale measurements. The relevancy of scientific and methodological developments, allowing correctly to carry out the control over the compliance of actual indicators of energy efficiency of high-rise residential buildings with the given parameters, was substantiated. The contradictions of the goals and economic interests of suppliers and end users of energy resources were revealed. The conclusion was made that the solution of the problem of energy efficiency in high-rise housing construction was to harmonize economic interests and anticipations of the key market players.
Introduction
One of the strategic priorities of the state economic policy of the Russian Federation both in the post-reform period and at present is the creation and operation of multiapartment houses with the active and widespread use of energy-efficient and energy-saving technologies, building materials and structures.
Energy efficiency is of particular relevance in Moscow's modern high-rise housing construction, as the agenda for energy efficiency and energy saving is dictated by the current challenges to the functioning of this key industry of the megapolis economy in the context of the global economic crisis, in general, and energy crisis, in particular. Therefore, the Government of Moscow pays close attention in its work not only to the development and widespread use of modern construction technologies in the high-rise housing construction and the use of energy-efficient building materials, but also to the quality of full-scale measurements.
The need for scientific and technical support for the development and implementation of measures, that are aimed at reducing the energy consumption of high-rise apartment buildings in Moscow and other large regions of the Russian Federation, is due to a number of objective reasons. This is due, among other things, to the fact that the energy characteristics of both new high-rise buildings and ones, that are under operation, are tens of percent lower in some cases than design indicators.
This result is directly related to the massive deviation of developers and construction companies from the correct application of design building materials and structures in order to reduce the expences. The low performance discipline of contractors usually does not affect the reduction of the strength characteristics of the constructed facilities. However, the intention of developers to reduce the construction expenses at any cost in some cases leads not only to a decrease in the quality of housing construction, but also to the loss of the energy efficiency class of the constructed facilities.
Methods and results
In accordance with Directive 2010/31/EU of the European Parliament and of the Council of 19 October 2010 on the energy performance of buildings, energy efficiency should be calculated on the basis of a methodology that can be differentiated at the state and regional levels. This includes, in addition to thermal characteristics, accounting for other more significant factors such as heating and air conditioning, the use of renewable energy, passive heating and sectional cooling, dimming, indoor air quality, adequate natural lighting and building design.
The methodology for calculating energy performance should be based not only on the account of heating seasons, it should cover the annual energy efficiency of the building. This methodology should take into account current European standards.
According to Bloomberg [1] , extraction, transportation and efficient use of energy has been one of the main world problems for the last decades. Moreover, according to the estimates of a number of experts [2] , it will only become worse in the mediun and long term outlook. Despite the very large reserves of explored and developed energy supplies, the solution of this global problem is also relevant for modern Russia.
This problem is most acute in the construction segment of all national economies. This is largely due to the fact that developers and buyers of housing projects are increasingly paying attention not only to the one-time price of the creation and acquisition of housing, but also to the expenses that they will bear during the period of its operation. Thus, energy perfomance is prioritised to other factors in terms of quality and competitiveness of highrise housing projects in recent years.
The study results indicate that for Russian practice of energy-efficient high-rise construcion the town planning experience of some European capitals seems to be the most valuable: consistent concentration of resourses on a very limited number of sites, such as La Défense in Paris or London Docklands; conformity of building design to the principles of integrated urbanism with complex development and the deployment of transport networks at several levels; the complex design of the building due to the combination of objects of different functional purposes in buildings, the space-planning solution of which most harmoniously corresponds to their function, that means not the creation of multifunctional skyscrapers, but the combination of various buildings for different purposes in complex development; the combination of a wide range of buildings (offices, housing, hotels, public services, educational institutions, commercial spaces, entertainment and sports) in order to create an extensive range of jobs for the majority of the population of the complex and its full-fledged service -these points are to be primarily taken into consideration. Such a dynamics in the field of energy consumption should be definetelly promoted by the price policy of natural monopolies in relation to products and services. The drafters assumed that an increase in prices in the natural monopoly sectors, outstripping the level of inflation in industry, would lead to a redistribution of profitability from the main energyintensive consumers in favor of natural monopolies and create conditions for energy saving.
Thus, the planned outstripping growth of energy prices should stimulate energy saving in all sectors of the Russian national economy, including construction and housing and utility services.
In the actual economic situation of the functioning and development of the national economy in general and, in particular,the construction of energy-efficient high-rise buildings, this should mean changing the existing technical and legal norms, rules and regulations that determine the consumption of fuel and energy in terms of tightening energy efficiency requirements; improvement of the rules for accounting and control of energy consumption; setting standards for energy consumption and marginal energy losses; mandatory certification of energy-consuming devices and equipment for mass application to establish their compliance with the energy performance standards.
There should be highlited two important postulates in the Energy Strategy of Russia until 2020, that can be applied to construction: first, the energy intensity of high-rise construction must be steadily decreasing (the value of the constructed facility expressed in terms of units of equivalent fuel should be less than a previous year); second, a "planned" and also a steady increase in energy prices should encourage energy savings.
However, according to study results obtained by a number of Russian scientists and experts in the field of energy saving and improvement of energy performance of housing construction [3] , regulatory requirements to reduce the energy intensity of construction at the government level for the period 2003-2016 were not put forward. And one problem was considered in the legal field: a steady decrease in operating energy costs, with a constant increase in tariffs for utility services, including heating costs.
The developers saw the organizational and technical solution of these problems in the formation of an integrated and approved regulatory and legislative framework; creation of energy markets with a high level of competition and fair principles of trade; the completion of reforms that bring adjacent sectors of the economy to a new level of energy efficiency; transition from the leading role of the fuel and energy complex in the country's economy to the natural function of an efficient and stable supplier of fuel and energy resources for the needs of the economy and the population.
The introduction of a fundamentally new concept of "energy perfomance", which is a relative value reflecting the ratio of the useful effect from the use of energy resources to the costs of energy resources, that are produced for the purpose to obtain such an effect, in relation to products, the technological process, a legal entity, an individual entrepreneur, has become topical.
At the same time, the legislator stressed that the energy performance requirements of buildings and structures should include indicators characterizing the specific amount of energy consumption (approaches to the main criteria in different versions of the federal law "On Energy Saving" can be presented in the form of Table 1) .
Thus, following the logic of the current Federal Act No. 261, the indicator of specific energy consumption can not unambiguously determine the energy performance of the building (although it can be one of the components of energy efficiency). Therefore, it is necessary to take into account the energy costs that would reduce the specific energy consumption. Characteristics reflecting the ratio of the useful effect from the use of energy resources to the costs of energy resources in order to obtain this effect, in relation to products, technological process, legal entity, individual entrepreneur Energy performance class Product characteristics, reflecting its energy performance New goals were set in Russia in the field of energy performance which were reflected in the Roadmap for Improving the Energy Efficiency of Buildings and Structures ",in order to solve the organizational and technical problems of energy efficiency in high-rise housing construction in 2016, where two moments should be noted: -firstly, the reduction of the payment load on the population for the housing and utility services by increasing the energy efficiency of the housing funds and by conducting capital repairs of apartment buildings and the developing the energy services of the housing funds; -secondly, the creation of an incentive system to improve the energy performance of buildings and structures. The results of research on the organizational and technical problems of energy efficiency in high-rise residential buildings in large Russian cities [4, 5] indicate that the agenda of energy efficiency and energy saving for high-rise housing construction is dictated by modern challenges in the functioning of this key economic sector in terms of the global economic crisis, and energy crisis, in particular. This is the reason why the government of many Russian megacities pay very close attentionin their work to this vector: the legislation in this field is under development and improvement; target integrated programs are being priority financed and carried out to improve the energy performance of high-rise housing construction and the development of utility infrastructure and energy saving; energy saving and energy efficiency in the housing sector are being actively promoted among enterprises and population (various forums, conferences, round tables are held).
The results of the author's research [6, 7] represent that new technologies, that are introduced into economic practice without appropriate qualitative evaluation of their economic efficiency and qualified approbation, often lead not to a decrease in energy consumption, but, just the other way round, to its increase.
In this regard, scientific and methodological developments, that allow to correctly check the compliance of actual energy efficiency indicators of residential buildings with specified parameters, become particulary relevant. Therefore, a number of research workers of OAO "NIIMosstroy", a publicly held company under the laws of the Russian Federation, (with the participation of the article author) worked for the recent years to determine the reasons for the inconsistency of the objects under operation with the requirements of energy efficiency. And this group dwelling on the study are preparing to present for the Government of Moscow a set of measures in order to eliminate the excess over the design values of actual energy consumption of the commissioned buildings.
In our opinion, comparison of the principal provisions of the Russian Federation normative documents with similar provisions of European standards with a theoretical and experimental (full-scale) justification will allow the legislators to discover methodological and other differenses. Whereas, the results of comparison of the obtained actual data (in particular, in Moscow apartment buildings commissioned within the last 3-5 years) in terms of compliance / non-compliance with their design values in energy efficiency classes can be used in order to adjust the existing house-building technologies.
The models, that were developed earlier [8, 9] and are currently under development by NIIMosstroy's research staff, will allow to take into account the influence of a number of characteristics on a specific energy consumption of multi-apartment residential buildings: heat input from sunlight during the heating season in Moscow's climate; heat emission from household appliances in a new building with different accomodation density; humidity of external walls and processes, which are related with their drainage, etc. The scientific value and practical significance of the results of the conducted studies is that the obtained data will be tested and confirmed by the results of numerical, laboratory and field experiments and measurements.
Discussion
Summarizing the results of the present work on the problems of ensuring energy efficiency in the construction and operation of multi-apartment houses, it should be emphasized that the effectiveness of state and regional policies in the field of energy saving and energy efficiency in housing construction and utility services is definetelly largely determined by the level of modern construction technologies, building materials and structures, as well as the quality of full-scale measurements.
Though, unfortunately, it is impossible to solve this technical problem using only technical solutions. It is impossible primiraly due to the strategic goal of natural monopolies, that are engaged in the development of various types of energy, resourcesupply organizations and the Ministry of Energy of Russia, is to increase the production of traditional types of energy. And the goal of the end users of commodity construction products is energy saving and energy performance, i.e. the strategic goals of the main market players do not match.
It is necessary to develop and implement a set of organizational and economic measures that should be aimed at encouraging not only individuals, developers, construction contractors, construction industry enterprises and construction materials industry in order to eliminate this contradiction in goals, economic interests and expectations. Mainly, it is necessary to change the current systems of performance standards for the Ministry of Energy of Russia, natural monopolies, that produce various types of energy, and resourcesupplying organizations
Conclusion
Thus, the organizational and technical solution to this technical problem of ensuring energy performance in the construction and operation of high-rise housing buildings is seen to meet the target indicators of the activities of the Ministry of Energy of Russia, natural monopolies, that produce various types of energy, and resource-supplying organizations with goals and objectives of construction contractors, developers, population, enterprises of building materials and structures.
